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HYBRIDIZATION IN PLANT AND ANIMAL 
IMPROVEMENT 

By Dr. D. F. JONES 
CONNECTICUT AGRICULTURAL EXPERIMENT STATION, NEW HAVEN, CONN. 

rTHE function of hybridization is the rearrangement of already exist- 
| ing characters, the bringing together of qualities scattered about 

in different forms into one or a few individuals which represent the 
beginning of a new. variety, or a new breed. How the common fruits, 
flowers and vegetables of our gardens and domestic animals in the fields 
and about the house have been multiplied into endless kinds 7y a re- 
combination of a relatively few types becomes apparent when the his- 
tory of any particular group of plants or animals is reviewed. 

The dahlia is one of the most popular garden flowers due largely 
to its easy culture, simple vegetative propagation and the wealth of 
colors and forms. The fact that the plants can also be easily grown 
from seed, giving an astonishing array of markedly different flowers, 
has made this a fascinating subject for experimentation by the amateur 
gardener and has greatly increased the nrumber of well recognized va- 
rieties. The dahlia was first generally cultivated in Europe in 1W19 
having been introduced from Mexico. At that time the flowers were 
single and not greatly different from Cosmos and Coreopsis wvhich 
are its nearest relatives. The first double flowered form was recorded 
in 1814 at which time there were listed some 12 well marked color 
types. Twelve years later the number of varieties had increased to 60 
due to recombinations of the existing color varieties with the double 
flowered condition and also new shades of color were brought out by 
crossing and doubtless by mutation as well. . 

The first Cactus dahlia came to light in 1879. This form was a 
radical departure from the common type. The margins of the petals 
were bent back instead of forward giving the flowers a very distinct 
appearance and a welcome change from the extreme forms which look 
too artificial. A small flowered and profusely blooming type known 
as Pompon was also discovered. There now existed four main types 
based on flower form: Single, Double, Cactus and Pomponi. The 
double dahlias are classified in two groups by the florists as Showv and 
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Fancy according to color pattern. Crossing between the Cactus and 
Show types produced a new dahlia intermediate in form with the tips 
of the petals curved backward somewhat like the hooded sweet peas 
but with the body of the petals broad and bent forward and double as 
in the Show types. This new creation called the Decorative type is one 
of the most highly prized and beautiful of all the dahlias. The flowers 
are not so compact and artificial looking as the Show and Fancy groups, 
and their fluffiness has much of the beauty of the Chrysanthemum and 
Aster together with an astonishing array of soft yet brilliant colors. 
The broad petaled, semi-double peony-flowered dahlia and the collarette 
type with a row of small and odd shaped petals of different color sur- 
rounding the central bud are the latest additions to the ever growing 
list of varieties of this most popular flower. 

The first Cactus dahlia also introduced a new color resembling that 
of the cactus, Cereus speciosissimus, from which fact it originally got 
its name. Other variations which were brought out from time to time 
were dwarf plants, plants with long stemmed and short stemmed flowers, 
flowers with petals divided, others quilled and still others rolled into 
tight tubes like some China asters. Colors are as, profuse in dahlias 
as in almost any cultivated flower. They occur in self-colored patterns 
and in variegations which are classified into five different types as 
shaded, edged, margined, striped and mottled. How the individual 
variations first arose is, in most cases, wholly unknown but having once 
been found it is not difficult to see how by recombination all these dif- 
ferent flower forms, colors and patterns together with differences in the 
growth of plants, the more than 3,000 named varieties could be de- 
veloped in 150 years. 

MIany horticultural achievements have not been developed by inten- 
tional hybridization. Natural crossing between different varieties grow- 
ing to,ether bas undoubtedly been responsible for most of the new 
forms. Because flowers are so conspicuous new deviations are usually 
easily detected and so seed saved. Cultivation gives a plant a far 
greater opportunity for further improvement as compared to wild forms 
because of the immense numbers grown and the fact that these are 
more under observation. Careful culture also allows many new forms 
to live which would be exterminated in the open. Those plants whose 
valuable part is comprised in conspicuous flowers or definitely marked 
seeds are more extensively multiplied into different varieties than those 
plants which are not so easily catalogued. Roses, tulips, irises are a 
few notable examples of flowers which are widely diversified in form 
and color. Among the vegetables beans are listed in almost endless 
variety because the well marked seeds in color and pattern and char- 
acteristic pods make the different varieties easily recognized and there- 
fore generally kept true to type. 

The way in which many varieties of garden and field crops origi- 
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THE PROGENY OF A FEW NATURALLY CROSSED BEANS FOUND IN A COMMONLY GROWN 
VARIFTY. THE OUT-CROSSED SEED TYPE AND THE ORIGINAL VARIETAL PATTERN ARE 

SHOWN ABOVE 

nate is well illustrated by a natural cross of a commonly cultivated 
variety of garden beans. From a plot of Dwarf Horticultural beans 
the seeds of which are characterized by splashes and stripes of irregu- 
lar red bands on a light background, a few off-type seeds were found 
when the crop was shelled. These seeds were densely marked with a 
thick mottling of dark brown. There were only a few of the seeds 
among many hundreds of thousands of the Horticultural type but they 
were very conspicuous on account of their darker color and altered 
pattern. They were probably due to natural crossing which had taken 
place the year before as the plants were grown adjoining plants of other 
varieties. This was proven to be the case when the odd looking seeds 
were planted and the resulting seeds harvested. Almost every plant 
was different in color and markings of the seeds. A representative 
seed from a number of these plants is shown in the figure. 

The seeds shown in the illustration having the same markings differ 
strikingly in color. The differences are abrupt. Although there are. 
eleven distinct kinds of seeds in this lot it can be seen that they are 
made up of different combinations of color and pattern. In arrange- 
ment of color there are three types: self-colored, splashed and mottled. 
The colors are cream, tan, brown and red. Only a few of the many 
possible combinations of these characters are expressed in this small 
number of plants. Each seed is a possible beginning of a new variety. 
Some of the combinations are undoubtedly hybrid and will break up in 
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later generations. One of the seeds is an exact reduplication of the 
parental hybrid seeds. Another goes back to the olne known igrand- 
parent. What the other grandparental variety was caln onlly be coln- 
jectured. 

In addition to these striking differences of color and markings the 
seeds differ somewhat in size and shape. Whether these are genotypical 
differences or merely modifications due to the growth of the planlt can 
only be told by further testing. The plants which produced these seeds 
differed in no less degree. They were yellow or green podded and the 
pods were flat or round. They were diverse in time of bloomin, and 
ripening. They were also unequal in productiveness, hardiness, dis- 
ease resistance, stringiness and toughness of the pods. These are the 
more important qualities but they are not so surely recognized as the 
noticeable seed characters. 

Natural crossing in this manner has been the most importalnt agency 
in the multiplication of varieties. Striking variations such as occurred 
in the beans just described attract the fancy of the gardener. The seeds 
are saved and sown. The unusual features may or may not persist. 
Some of them may be an improvement over existing sorts. The seed 
from the most promising plants is again saved and since beans are 
largely self fertilized the hybrid combination of characters are quickly 
reduced in numbers and uniform and constant strains are established 
in the course of several years, that is, they soon come true to type. The 
best of these strains are selected and a new variety has been created or 
rather re-formed. Further testing shows whether the new variety has 
sufficient merit to be worthy of general cultivation and if it has it soon 
finds its way into the seed catalogues. Such in brief is an outline of 
the history of nearly all the commonly cultivated vegetables and 
flowers. 

It is generally thought that selection has brought out these new 
forms. Such is indeed the case but the variability induced by crossing 
has made the opportunity for selection to be effective. Those charac- 
ters which really determine the value of a variety, such as hardiness, 
productiveness, quality, and which are dependent upon all parts of the 
plant, are so complex in mode of inheritance that it is not at once appar- 
ent that recombination of definitely hereditary factors takes place just 
as surely as in color and pattern. The changes are usually small in 
degree and the characters are more easily influenced by the external 
conditions. For that reason selection is the means of sorting, out the 
best hereditary material and with many plants selection must always 
be continued to maintain improved varieties at their high level. 

The application of selection to plant and animal improvement has 
not been greatly changed by the recent advances in the knowledge of 
inheritance. It was used effectively long before Mendel's principles of 
heredity were known. But in the past much time and effort have been 
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wasted in selecting variations which were not inherited and which led 
to no change. Mendelism has shown clearly the distinction between 
the two kinds of deviations. Only germinal variations can be trans- 
mitted permanently. These are brought about either by original 
changes in the structure of the hereditary units about whose cause al- 
most nothing is known and which are comparatively rare in occurrence, 
or by the much more usual and frequent recombination arising from 
crossing. The only sure means of identifying these germinal variations 
is the progeny performance test. 

In one sense hybridization produces nothing new. It merely takes 
materials which are already in existence and by putting thein into dif- 
ferent associations makes forms which have never been seen before. 
This is a common if not universal method of diversification. The Aryan 
alphabet has only some 30 symbols yet the English language alone has 
over 450,000 words. All chemical compounds are different groupings 
of about 80 elements. That hybridization can produce nothing new is 
equivalent to saying that architects can create no new buildings be- 
cause they have to use the same bricks and boards, cement and sand 
they have always used or the musician can write no new songs because 
he has at his disposal only the same set of notes and modulations. The 
possibilities for creation by combination are practically unlimited. 
Particularly is this true in organic substances where each new com- 
pound forms a new unit which can associate with other units to form 
new compounds. The hereditary factors as far as known are com- 
pounds so complex that their formulas can not as yet be written. 

The history of the more recently created breeds of animals shows 
that hybridization has furnished the beginnings; controlled matings 
and careful selection have followed this up. Poultry furnishes many 
excellent examples of the part played by hybridization in animal breed- 
ing. The history of their development is the best known for the g,eneral 
purpose breeds of American origin although all are not agreed as to the 
foundation stocks. For the Barred Plymouth Rocks, the most popular 
all around fowl among the farmers of this country, the Dominique fur- 
nished the pattern and the Black Java or Black Cochin the size. The 
Minorca and Brahma were also used it is believed. The first specimens 
were exhibited in 1869 from Connecticut. The type of body has been 
fairly well fixed and Plymouth Rocks are now obtainable in several 
different colors and patterns. 

The Wyandotte has a distinct type of its own and is another product 
of the American breeders. Its short blocky build and compact frame 
set it off from the other larger and more rangy general purpose fowls 
but this type is not well fixed probably because more attention has been 
paid to feathers and color than to body characters. According to some 
authorities a Sebright Bantam and a Cochin hen were first mated to 
produce a Cochin Bantam. The offspring were again crossed with 
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Cochin and also with Silver Spangled Hamburgs. Wyandottes first 
made their appearance in about 1870. 

The Rhode Island Red remained for a long time as a farm fowl 
and was not considered as a distinct breed and was not taken up by the 
"Standard" breeders until after it had established its reputation as a 
utility fowl. It is one of the most variable breeds in color due to its 
extremely mixed origin. Although the material used is somewhat in 
doubt both Asiatic and Mediterranean stocks were crossed in native 
breeds. According to one writer Red Malay, Shanghai, Chittagong, 
Brahma and Leghorn were crossed in every conceivable way. The red 
color being distinct from all other common fowls it was easy to estab- 
lish a new breed. It illustrates well the point that breeds are based on 
a few outstanding easily seen characters and the more valuable features 
are built up around them. Such has been the origin of the more recent 
breeds. With various modifications it is probably typical of the be- 
ginning of all breeds of poultry whose past history is now unknown. 

Sheep are among the oldest of domesticated animals and nowhere 
have they been more highly developed than in England. Most of the 
modern mutton breeds with which we are now familiar had their origin 
there. Some were so excellently formed since very early times that 
their beginnings are not known, such as the Southdowns and Dorsets. 
The former has very fine qualities as indicated by its widespread popu- 
larity and from the fact that it has been used in crossing with other local 
strains to produce many of the now prominent breeds. For example 
it is generally believed that the Shropshires are the result of crossing 
Southdowns with the native horned, black faced sheep of Shropshire. 
Also the Leicester and Cotswold breeds are thought to have contributed 
something to the prominence of this famous race. Similarly the Ox- 
ford sheep grew out of intermixing the Cotswolds and Hampshires, 
while the Hampshires in turn got their start in crosses of the native 
Wiltshire and Berkshire sheep followed by judicious use of Sotithdown 
rams. Later the Sussex sheep which had a somewhat similar origin 
were united to make the material out of which have come the modern 
Hampshires. And to-day in the western states the Department of Agri- 
culture is endeavoring to unite as many of the good qualities of the 
Lincoln and Rambouillet breeds as possible to form a new one for 
which the name of Columbia is proposed. 

Should one examine the history of the creation of the present day 
breeds of swine he would find that much the same line of development 
has taken place. Crossing to bring together desired characters from 
different types brought out in differert places and to serve different pur- 
poses, followed by intermating and back-crossing of the progeny and 
close selection towards a more or less fixed objective such has been 
the almost unvarying recent history of the smaller and faster breeding 
animals. The larger and more slowlv reproducing farm animals, the 
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cow and the horse, are not so easily handled in this way. The creation 
of new varieties which means the culling out of enormous numbers of 
inferior individuals is too expensive a procedure to be undertaken with- 
out good reason. But is it not a logical assumption from the known 
history of the smaller animals that crossing has played an equally im- 
portant part in their early development which had already reached a 
high plane before the written history of the breeds began? 

It has long been stated that the chief contribution of France to 
agriculture, the Percheron horse, reached its highest development fol- 
lowing the infusion of the heredity of the Arabian horse into the native 
heavy horses after the defeat of the Saracens in 732. Sanders and 
Dinsmore, recent writers on the Percherons, are, however, strongly of 
the opinion that the influence of the Arabian horse has been greatly 
exaggerated and even question whether or not mixing ever occurred in 
any important amount and persisted. They base their chief argument 
on the fact that the color pattern of the Percheron is distinct from the 
markings of the Arabian. Unless this objection is supported by more 
convincing evidence it can hardly be conclusive as it would not be ex- 
pected that a complex parental pattern would be recovered completely 
from such a mixture unless it was specifically selected for. It is a 
fact that the Arabian war horses were present in France in large num- 
bers and magnificent animals they undoubtedly were. It can hardly be 
doubted that they were frequently crossed with native stock. How 
many of their desirable qualities have persisted is largely to be con- 
jectured. But the Percheron differs from the other heavy draft breeds 
most noticeably in neatness of body and lightness of foot, qualities 
which could very easily have come from part Arabian ancestry. 

Wheat being the most important bread making cereal in Europe 
and America, naturally a great deal of attention has been given to the 
upbuilding of this plant. Most of the varieties now widely grown have 
come from individual plant selections from older varieties. A beard- 
less head in a field of bearded wheat or a blue-stemmed plant in color- 
less sorts attracts attention. Seed may be saved from such plants and 
if the progeny prove to be sufficiently distinct and better a new variety 
is in process of formation. 

The Scotch Fife wheat has been popular in the Northern States 
and Canada. Its origin is typical of many other varieties. David Fife 
living in Ontario received a quantity of wheat which had come original- 
ly from Russia. He planted it in the spring but it proved to be a winter 
varietv and consequently only three heads ripened, these belonging to 
a sin-le plant. Sown again the following year the wheat proved re- 
markablv resistant to rust and from these few plants the seed was 
rapidlv increased and widely grown. In time a number of some- 
what different types of Fife developed and by crossing among these 
types the Marquis wheat which has played a considerable part in Ca- 
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THlE D)IFFERENTr TIYPES OR AGRICULTURAL SU B-SPECIES OF MAIZE. DENTI CORN IS T'HE 
STIAND)ARD PRODUCER IN THE MAIN CORN GROWING REGION AND COMBINES FEATI lIES~' 

OF TIHE: NORTHERN GROWN FLINT AND SOUTHERN FL,OUR TYPES 

nadian wheat growling was produced by William Saunders of the 
Canadian Experiment Station at Ottawa. 

Fultz is one of the best known of the older varieties of American 
wheats. It originated from three heads of beardless wheat in a field 
of Lancaster. Later S. M. Schindel of Hagerstown, Maryland. crossed 

Fultz and Lancaster and out of this came Fulcaster, which is a bearded, 
semi-hard, red grained wheat considerably resistant to rust and 
drought. It has been grown generally over the country but particularly 
in the region from Pennsylvania to Oklahoma. 

One of the best illustrations of a successful plant breeding, enter- 

prise from the standpoint of practical results obtained was the potato 
varieties produced by E. S. Carman, late editor of the Rural New 
Yorker. Rural Blush, Rur-al New Yorker No. 2, Carman No. 1. Car- 
man No. ~3 and Sir Walter Raleigh are varieties which came from a 
collection of 62 varieties which were g-otten together for the purpose 
of crossing. Artificial pollination proved to be impossible on account 
of failure to find good pollen but from seed boils naturally formed 

(undoubtedly many of the se-eds resulted from cro'ssing between differ. 
enit varieties) a large number of seedlings were raised and from these 
the five best were distributed after careful testing. It is stated that at one 
time 80 per cent. of the potatoes grown in this country were either 
Carman's productions or seedlings from them. He accomplished what 
he set out to do in producing a better potato than the old Earlv Rose 
and Peach Blow. 

That natural crossing has played a large part in the production of 
corn varieties of all kinds is apparent to every one. The ease by w%,hich 

pollen is carried by the wind and the practice of growing, many different 
sorts near together or even in the same field maintain a constant state 
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of out-crossing and a resultant variability out of which selection can 
start new departures. 

The history of Reid's Yellow Dent, now one of the most popular 
varieties throughout the corn belt, is typical. Robert Reid brought 
with him to Tazewell County, Illinois, from Ohio seed of a local va- 
riety know as Gordon Hopkin's corn. This was planted in the spring 
of 1846 and did not thoroughly mature, consequently the seed did not 
germinate well the following year. The missing hills were replanted 
with an early variety known as Little Yellow corn. The corn has not 
been purposely mixed since then and by selection the type of this well 
known corn has been developed. 

The improvement of the famous variety of corn known as Leam- 
ing was first begun in 1826 with the use of Indian varieties commonly 
grown at that time and is probably the first variety of corn to be sys- 
tematically selected. It is also probably the first dent variety of modern 
type to be developed. According to a grandson of the original Leam- 
ing' some of the material used at the start consisted of the purple or 
black seeded varieties. Evidences of this aleurone color are still seen 

t ...,~~~~ ~ ~~~~~~~~~~~~~~... .. . 
..: .... . . . .s .. ...... ................................. ...... .... ...... 
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THIS CORN- PLANT WITH PERFECT FLOWERS IN A SINGLE TERMINAL INFLORESCENCE IS 
BOTAN.ICALLY QUITE SIMILAR TO A DISTINCT TRIBE OF GRASSES. THE SORGHUMS . .HICH 
GIVES CONSIDERABLE PROBABILITY TO THE THEORY OF A HY.BRID ORIGIN OF MAIZE 

1 WVallace's Farmer, Dec., I9I9. 
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THE GREAT VARIABILITY OF MAIZE ADAPTING THE PLANT TO A RANGE OF CONDITIONS 
FRO-M THE EDGE OF THE ARCTICS TO THE TROPICS THROUGHOUT THE WORLD IS 

DIFFICULT TO ACCOUNT FOR UNLESS A MIXED ANCESTRY IS ASSUMED 

at rare intervals in this variety. That the large-eared, compact-rowed, 
many-seeded variety now so familiar should be got out of the few-rowed, 
round-seeded, floury and flinty varieties grown by the Indians for 
many centuries is a really remarkable instance of plant improvement 
through hybridization followed by thorough-going selection. 

The dent type of corn was not produced for the first time in Leam- 
ing as this kind of corn has been known since very early times having 
been reported to be in the possession of the Powhattan Indians as early 
as 1608. The characteristic indentation of this most productive kind 
of corn is due to a corneous outer layer surrounding a center of soft 
starch. The greater shrinkage of this soft starch than the hard starch 
outside on drying bring about the depressed and folded tip from which 
the type gets its name. The two kinds of corn grown by the natives 
of America were floury varieties in Mexico and adjacent regions and 
flint varieties in the north. That the combination of flint and floury 
types has made possible the dent corn now so widely grown is some- 
what more than a surmise. The absence of leaves on the modified 
leaf sheaths forming the husks on the ears, a characteristic of dent 
corn, is common for floury corn but not flint corn. On the other hand 
the corneous nature of the endosperm and early maturity are largely 
flint features. 

A familiar example of the rapidity with which varieties can be 
produced by crossing is furnished by the yellow varieties of sweet 
corn which have been introduced during the past few years. Prac- 
tically all of them owe their start to a small eared, yellow seeded va- 
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riety known as Golden Bantam. This variety for some time was little 
known and not appreciated because its yellow color differentiated it 
from all other varieties of sweet corn commonly grown and made it 
appear like field corn. It was finally realized that Golden Bantam 
was somewhat more tender in texture and better flavored than any 
other variety. Its small ears and low yield induced many to cross this 
corn with the larger growing corns and then to regain the yellow color 
combined with larger stalks and ears and as much of the quality of 
Bantam as possible. The yellow color is easily regained because in the 
second generation following the cross of yellow and white one seed in 
every four will be pure yellow but retaining the sweetness and tender- 
ness of Golden Bantam in a larger and more productive corn is more 
difficult. Some success has been achieved judging from the popularity 
of the new yellow sorts such as Golden-rod, Golden Giant, Buttercup, 
Bantam Evergreen and a host of others which represent a recombina- 
tion of the characters of Golden Bantam and such standard varieties 
as Evergreen, Howling Mob and Country Gentlemen. Yellow color 
has now become the badge of honor among sweet corns. 

The number of new roses continually being offered are so great 
that only an exceptional variety or novelty creates much interest. 
Within recent years the climbing American Beauty has attracted con- 
siderable attention. This variety was developed from a crossing of 
American Beauty and Rambler and possesses the large flowered, long 

NO OTHER PLANT THAN MAIZE EXHIBITS A GREATER RANGE IN SIZE, SHAPE, TEXTURE 
AND COLOR OF SEEDS 



16 THE SCIENTIFIC MONTHLY 

. ~~~~~~~~~~~~~~~~. 

SIZE OF PLANT IS ALSO ASSOCIATED WITH THE ADAPTIBILITY OF MAIZE TO VARIED 
CONDITIONS 

stemmed features of one parent combined with the profuse bloom and 
rampant growth of the other. 

Practically there are limits to what can be done by hybridization 
and selection although no one can say exactly what these limits are. 
Certain characters are antagonistic. Fruit growers dream of an apple 
with the productiveness and hardiness of a Ben Davis or Baldwin com- 
bined with the delicacy, sweetness and flavor of a McIntosh or North- 
ern Spy. Yet the tough skin, thick cell walls and low sugar content 
of the Ben Davis are probably the very things which make it resistant 
to disease and able to produce abundantly under adverse climatic 
conditions. 

The plant breeder who sets out to produce a wheat with the best 
milling and baking qualities together with maximum yielding capacity, 
resistance to disease and severe climatic conditions has a task which is 
extremely difficult if not impossible. Likewise the animal breeder can 
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not expect a rapid maturity and tenderness of flesh together with ability 
to withstand adverse conditions. 

Those qualities which have been developed in domesticated forms 
are the ones which make them less able to cope with their surroundings. 
Wild species on the other hand are constantly selected on their ability 
to endure climatic extremes, pests and diseases. Their chief aim in 
life is apparently to provide for reproduction. Anything beyond this 
is a handicap. Moreover there are physiological limits beyond which 
it is impossible to go. Obviously a cow cannot be expected to give 
milk which is all cream, neither can a sugar beet be all sugar. What 
the limit is can not be closely approximated. Certainly if one were 
familiar with only the wild gourds he would be inclined to think a 
pumpkin or water melon weighing over 100 pounds a fantastic dream 
not to be actually realized. The lime tree gives no indication that a 
near relative could produce a fruit as large as the tropical grape fruit 
which often weighs over ten pounds. Between the wild cattle in the 
parks of England and the prize winning Shorthorns and Herefords at 
the live-stock expositions there are almost incredible changes. 

Selection even in the long expanses of time in which plants and 
-animals have been domesticated could not bring these vast differences 
were it not for the variability made possible by frequent crossings 
between widely diverse stocks. When the origin of the familiar cul- 
tivated plants and domesticated animals is looked into it is significant 
that nearly all of the more important ones have been derived from 
more than one wild species and these are usually from separate 
regions. 

As an example of a valuable animal which has been cared for in 
nearly every part of the world the domestic fowl can be taken. It has 
long been thought that all the diverse breeds and types of chickens 
came originally from the Jungle Fowl of India, Southern China and 
the East Indies but it is now believed that the unknown ancestor of the 
Aseel or Malay Fowl, which has been bred in captivity for over 3,000 
years, is also in part responsible for present divergent development 
exhibited by the many different breeds and races. 

According to Davenport "The Aseel has many points of difference 
from the Jungle Fowl and brings in a whole set of characters that our 
domestic races have and the Jungle Fowl lack. Thus the Jungle Fowl 
is a slender, agile bird with long wings, erect tail and a good flyer; 
while the Aseel is a very broad, heavy bird with short wings, drooping 
tail and unable to fly. The Jungle Fowl has a long slender beak, that 
of the Aseel is short and thick. The comb of the former is single, 
high, that of the latter triple (or "pea") and low. The former has 
slender olive colored shanks; the latter thick and yellow shanks. The 
Jungle Fowl has a red eye; that of the Aseel is pearl colored. The 
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Jungle Fowl has the well known English Black-breasted Red Game 
pattern; the Aseel is mottled. The Jungle Fowl is the foundation stock 
of our nervous, flighty, egg laying races-the Leghorn, Minorca, Span- 
ish, Andalusian, etc.-the races that first spread over Europe, probably 
from the stock that was brought back from Persia by the expeditions 
of Alexander the Great. All of theise races ordinarily carry the deter- 
miners of the Jungle type of coloration. Representatives of the Aseel 
type (which had long been established in Eastern Indian and China) 
were brought to America, becoming the ancestors of the Asiatic breeds 
and the fine general purpose breeds-the Plymouth Rocks, Wyandottes, 
Orpingtons, etc. Such do not regularly carry the Jungle type of color 
pattern. In one case on the contrary,-namely the Buff Cochins-they 
introduced a new kind of color which (arisen in China 1,500 years 
ago) has never been produced independently since. The fowl of the 
Aseel type are poor egg layers, but their stocky build and great size 
make them unrivalled as 'table birds.' 

Of all domesticated animals the dog is probably the most varied 
in size, in form, in color and in covering. Ranging from the Poodle 
and Dachshund to the Bulldog, Greyhound and Great Dane, the dog 
has been the companion of man in nearly every part of the world. 
The near relatives to the dogs are numerous and although they are truly 
wild many are capable of being tamed and most of them will cross 
with some breeds of dogs. The timber wolf of Russia, the Jackal of 
Europe, Asia and Africa, the coyote of North America and the dingo 
of Australia have all probably contributed something to present day 
forms. Even the fox is quite like the dog in certain respects and may 
be remotely connected with some of our dogs. 

Catlike animals are numerous in all parts of the world and more 
than one species have been brought together in the making of this pet. 
The common wild-cat of England (Felis catus) and the Egyptian cat 
(Felis caffra) are probably the immediately sources of the familiar 
kinds of cats but the golden cat (Feltis temmineki) of northern India, 
Tibet and the Malay Peninsula, the fishing cat (Felis viverrina) of 
India, the spotted leopard cat (Felis bengalensis) are near relatives 
which might have added something to the variety of form and color 
so characteristic of this animal. 

The pig is a widely domesticated animal which reached its greatest 
development when the breeds of Europe and Asia were brought to- 
gether and their qualities intermingled. Early in the 17th and 18th 
centuries Chinese hogs were introduced into Europe and from these 
sources there grew up the great breeds of Yorkshire, Berkshire, Poland- 
China and Duroc-Jersey. Many of these breeds have been perfected 
and named in this country but their foundation stock came originally 
from England, the Continent, and from Asia. The wild ancestors of 
the pig are considered to be the wild boar of Europe and Africa (Sus 



HYBRIDIZATION IN PLANT AND ANIMAL 19 

scrofa) and the Indian wild boar (Sus Cristata) but almost every re- 
gion of the earth has its native species more or less closely allied to 
domesticated swine. 

One could extend this recital of the origin of tame animals to 
show that in the case of sheep there are at least six wild species which 
could have been drawn upon and a host of more distantly related forms 
and with cattle domesticated forms are classified in two species, Euro- 
pean and East Indian, and any number of closely allied wild species. 
The horse is rather unique in being the only animal with no closely re- 
lated wild congeners from which it could be re-established in case the 
horse became extinct. Either the horse has had a comparatively simple 
origin or else it has been cared for so long that its prototypes have been 
lost. 

Although much of the history of domesticated races is largely sur- 
mised there can be no doubt but that the intercrossing of different 
species from separated regions has played a very important part in 
their great alterations to suit the needs of man. Desirable qualities 
existed in several forms of allied animals in different regions. Tribal 
migrations and commercial intercourse furnished the means for bring- 
ing them together and as far as they were sexually compatible crossing 
undoubtedly was utilized to combine good features; and also the cross- 
ing and resulting variability brought out new possibilities not before 
realized. How else can one account for the great flexibility of domes. 
ticated races as contrasted to wild species? 

The same occurrence of species-hybridization is largely at the bot. 
tom of the development of cultivated plants. Some forty-two distinct 
species and sub-species of cotton have been described from both the 
Eastern and Western Hemispheres. Many of these are cultivated in 
various parts of the world. In this country 99 per cent. of the cotton 
grown is the short staple upland type and the remainder is the long 
fibered Egyptian or Sea Island cotton, so called as it was grown suc- 
cessfully only on the islands off the South Atlantic coast, and parts 
of the mainland. It is now grown in Egypt and in the irrigated valleys 
of the southwest. 

Authorities differ as to the origin of the cultivated cottons. Cross. 
pollination of the plant is easily effected by insects and hybridization 
between species introduced into new regions has certainly taken place. 
Watt considers upland cotton to be various hybrids between Gossypium 
herbaceum, G. mexicanum and G. hirsu,tutm. The former is the old 
world form which probably originated in north Arabia and Asia Minor. 
The other two species are natives of the southern United States, the 
West Indies and Mexico. Sea Island cotton is generally considered as 
G. barbadense originating in Barbados or other West India islands but 
Watt is convinced that it too has had a mixed beginning. He considers 
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it as having been developed somewhere in South America and having 
the Peruvian or Andes cotton, G. peruvianum as one parental stock. 

Indian corn is perhaps the best example of a widely cultivated 
plant having apparently a single origin. Belonging to a small sub- 
,division of the grass family its nearest wild relative is teosinte with 
which it hybridizes readily. Teosinte, Euchlaena mexicana, is a large 
semi-tropical grass which is sparingly cultivated and differs in many 
ways from maize. The seeds are born in one-rowed spikes. If corn 
has been derived solely from teosinte there has been a remarkable se- 
quence of changes in that the original condition of two or more spike- 
lets in a place which is typical of most cereals has been replaced by the 
one-rowed spike in the pistillate inflorescences of teosinte and then re- 
gained in the paired-row condition in the ears of maize. Collins has 
pointed out that there exists in pod corn, Zea mays var. tunicata a form 
with perfect flowered terminal inflorescences, which strongly suggests 
another species as one of the original stocks. These perfect flowered 
plants can not be distinguished by present botanical standards from a 
distinct tribe of grasses, the sorghums. In those characters in which 
-maize differs most from teosinte it approaches the characters of this 
perfect flowered pod corn. Certain other considerations also make it 
highly probable, althoughl not proved, that maize likewise must be as- 
signed a hybrid origin. The great variability and extreme plasticity by 
means of which corn is grown in many regions from the edge of the 
arctics to the tropics throughout the world would be difficult to com- 
prehend on any other assumption. 

Of all cultivated plants the rosaceous fruits give the most unmis. 
-takable evidence of having been developed by means of species hy- 
bridization. Some thirteen wild species of apples exist in the temper- 
ate regions of the Northern Hemisphere. Many of these have char- 
acters which entered into the make-up of this widely cultivated fruit. 
The cherry-plum-apricot-peach-almond group intergrades from one to 
the other so that it is impossible for the taxonomist to fix any exact 
limits to any division. Bailey lists 75 species and over 150 horticul- 
tural types of plums alone. From six native species 300 named va- 
rieties have been produced since the settlement of the New World. 

The rose itself is both the despair of the systematic botanist and 
the delight of the gardener bent on originating new forms. The rose 
grows wilds in nearly all parts of Europe, Asia, Northern Africa and 
North America. The taxonomists have great difficulty in defining a rose 
species. Bentham and Hooker list 30 while a French botanist, Gan- 
dager, describes 4,266 species from Europe and Western Asia alone. 
Most botanists recognize over 100 species. The more common horti- 
cultural types and the specific names under which they go are as 
-follows: 
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Horticultural Types and Species of Rose 
Ayrshire R. arvensis Memorial R. Wichiuriajia 
Banks R. Banksiae Moss R. gallica var. 
Bengal R. chineusis muscosa 
Bourbon R. Borbonica Musk R. vioschata 
Champney R. Noisettiana Noisette R. Noisettianta 
Cherokee R. laevigata Praire R. setigera 
Cinamon R. cinamonea Provence R. gallica 
Damask R. Darnascena Scotch R. spinossima 
Dog R. canina Sweetbrier R. rubiginosa 
Eglantine R. rubiginosa Tea R. chinensis 

The names of the two principal groups of the large flowered roses, 
such as the Hybrid Perpetuals and Hybrid Teas, denote their mixed 

origin. The latter group, of which the variety La France is a popular 

representative, is the result of back-crossing a hybrid combination of 

the Provence, Chinese and Cabbage roses on to the tea-scented China 

rose. 
The development of the native varieties of grapes, after the inabil- 

ity of the European varieties to thrive in the Eastern part of this 

country, furnishes one of the most interesting chapters in horticultural 

history. Many species of grapes grow wild in North America and in- 

dividual seedlings of some of these wild forms came very early into 

cultivation and are still grown. The principal native species and the 

most important varieties derived chiefly from them are: 

Vitis labrusca Catawba Concord 
rotundifolia Scuppernong 
aestivalis Norton 
riparia Clinton 

From these varieties as basic stock have come nearly all of the many 

excellent grapes now grown. Concord is the leading variety. In New 

York 75 per cent. of all the grapes grown are Concords alone. This 

variety and its derivatives produce three-fourths of the grapes grown in 

the eastern region. The history of the Concord is obscure but the evi- 

dence indicates that it is the product of a large fruited plant of the 

wild fox grape pollinated by a plant of the Catawba variety which was 

growing near by. The botanical characters of the Concord are almost 

wholly labrusca but some of the self-fertilized seedlings of Concord 

show strong indications of influence by Vitis vinifera, the European 

grape. Catawba, one of the assumed parents of Concord, is also a 

seedling of labrusca brought in from the wild but it shows even more 

indications of vinifera characters than Concord in the vinous flavor of 

the fruit, susceptibility to mildew, appearance of occasional seeds and 

especially in the seedlings of the Catawba, many of which resemble 

vinifera more than the parent. The Catawba was one of the first native 

grapes to be cultivated. It originated in 1819 in Montgomery County, 

Maryland, and is still widely grown. While it is not positively known, 
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there seems to be little doubt that crossing took place between Euro- 
pean varieties and the wild plants growing near by. Large numbers 
of the vinifera grapes were grown at that time in an attempt to find 
some that would withstand the ravages of unaccustomed insects and 
diseases in the new world. These chance crosses gave size and sweet- 
ness together with resistance and made possible for the first time satis- 
factory grape culture. Hedrick in the "Grapes of New York" gives the 
derivation of all the leading varieties. In many cases the parentage is 
doubtful as many varieties have originated as chance seedlings which 
were noted as being superior in some respect and propagated for that 
reason. Out of 205 varieties 74 are the result of a combination of 
V. labrusca and V. vinifera.. Eighty-eight varieties are more complex 
hybrids but most of them have either vinifera or labrusca heredity in 
addition to other native species. The remaining 43 varieties listed as 
coming from single species are mainly seedlings of Concord and this, 
as has been stated, is strongly suspected of a hybrid American-European 
origin. 

The systematic production of new grape varieties is illustrated by 
the work of Roger, one of the early hybridizers. The American va- 
riety Carter was pollinated by Black Hamburg and Chasselas, two Eu- 
ropean varieties. A large number of seedlings were raised and from 
this lot 45 were chosen as sufficiently promising to be sent out for trial. 
From these a number of named varieties were placed on the market 
and some are still grown of which Agawam is the most popular. The 
Concord, although the most widely cultivated grape at the present time, 
is somewhat lacking in quality. It is exceeded in this respect by many 
varieties such as Diamond, Dutchess and Brighton which have been 
derived from Concord by bringing in more of the qualities of the sweet 
European grape. 

The opportunities for hybridization of species are not so evident for 
animals as with plants at the present time. Most of the types and breeds 
are well established and experimentation with animals is so costly 
that it is doubtful if radically new forms will ever supplant them. 
Plants can be raised by the millions for the purpose of producing only 
a few of merit without prohibitive expense but with animals the situa- 
tion is different. One instance serves to indicate what the procedure has 
probably been in the past in the crea'tion of new kinds of animals. 
The American buffalo crossed by domestic cattle has given a type with 
the hybrid name Cattalo which is promising as a range animal for the 
exposed prairies. The first generation progeny of such a cross are 
sterile in the males but the females crossed back with tame bulls give 
animals which are still highly variable but combine in various degrees 
the conformation of the beef breeds with the ruggedness of the buffalo 
and the flesh also partakes somewhat of that animal which was so highly 
prized by the native Indian and early plainsman. 
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This outline of the origin of domesticated animals and plants in- 
cludes only those forms which show clear evidence of having had a 
mixed beginning. Not all plants and animals have such a complicated 
ancestry. The pea and soy bean among plants and horses among ani- 
mals, as a few examples, have had a comparatively simple line of 
descent yet they are represented by great variations in nearly every fea- 
ture and are important additions to the list of cultivated and domes- 
ticated plants and animals. 

The evidence is sufficient, however, to show that the one word which 
g,ives the key to the creation of useful forms of life is hybridization. 
The bringing together of qualities scattered about among different 
species, their rearrangement and from these still higher developments 
along strictly new lines this is what hybridization makes possible; and 
while it is not the primary method of evolution it is the most rapid 
means of changing animals and plants under the controlling hand of 
man. When it is noted that the forms which have come into domestica- 
tion within recent times and especially where rapid progress is made 
are unmistakably the result of hybridization it can not be doubted 
that germinal mixing in the past has been a most potent agency in the 
creation of valuable forms of life. 

It is not without significance that the plants and animals in both 
-the eastern and western hemispheres which best serve the needs of man 
,originated at or near the places where the great continents join. 
Southern Europe, Asia Minor and Northern Africa in the old world 
have been the birth place of staple cereals such as wheat and barley. 
Cotton and alfalfa are other plants of great value indigenous in this 
region. The grape vine, date palm, fig and olive are also native here. 
Sheep, swine, cattle, and horses were early used in these regions, as far 
as the evidence shows, for the production of food and clothing and 
carrying burdens. In the new world maize, beans, long staple cotton, 
potato, sweet potato, tomato, squashes and tobacco are the outstanding 
plant contributions and all of them come from Central American or 
adj oining regions. 

In each of the two Hemispheres in which early civilizations de- 
veloped through long periods of time uninfluenced by each other- the 
Egyptian, Assyrian in the East and the Inca, Mayan, Aztec in the west- 
we find the greatest progress in man's achievements made where the 
paths leading from one continent to another cross each other. During 
this period of upbuilding use was undoubtedly made of the plants and 
animals nearest to hand. The fact that diverse forms of life made so 
by intermingling of different races from widely separated regions were 
here most abundantly available furnished the best opportunity for the 
origin of domesticated animals and plants and points the way for future 
progress. 
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